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INFLATABLE CURTAIN 

Field of the Invention 

The present invention relates to an inflatable 
apparatus for helping to protect a vehicle occupant in 
5 the event of a side impact to a vehicle and/or a 

vehicle rollover. 

Background of the Invention 

It is known to inflate an inflatable vehicle 
occupant protection device to help protect a vehicle 

10 occupant in the event of a vehicle collision. One 

particular type of inflatable vehicle occupant 
protection device is an inflatable curtain that 
inflates from the roof of the vehicle downward inside 
the passenger compartment between a vehicle occupant 

15 and the side structure of the vehicle in the event of a 

side impact or rollover. A known inflatable curtain is 
inflated from a deflated condition by inflation fluid 
directed from an inflator to the inflatable curtain 



through a fill tube. 
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guinmary of the JEnvention 

The present invention relates to an apparatus for 
helping to protect an occupant of a vehicle that has a 
side structure and a roof. The apparatus includes an 
5 inflatable vehicle occupant protection device that is 

inflatable away from the vehicle roof into a position 
between the side structure of the vehicle and a vehicle 
occupant. The inflatable vehicle occupant protection 
device includes overlying panels that are 

10 interconnected along at least a portion of a perimeter 

of the inflatable vehicle occupant protection device to 
define an inflatable volume of the inflatable vehicle 
occupant protection device. The inflatable vehicle 
occupant protection device when inflated has a 

15 predetermined thickness measured between overlying 

points on the overlying panels at a location where the 
head of an occupant may contact the inflatable vehicle 
occupant protection device. 

An inflation fluid source provides inflation fluid 

2 0 to the inflatable vehicle occupant protection device 

for inflating the inflatable vehicle occupant 
protection device. The inflation fluid in the 
inflatable vehicle occupant protection device is 
pressurized to a predetermined pressure when the 
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inflatable vehicle occupant protection device is 
inflated. The predetermined pressure is determined as 
a function of the predetermined thickness of the 
inflatable vehicle occupant protection device. 

5 Brief Description of the Drawings 

The foregoing and other features of the present 
invention will become apparent to one skilled in the 
art to which the present invention relates upon 
consideration of the following description of the 
10 invention with reference to the accompanying drawings, 

ill in which: 

Fig. 1 is a schematic view of an inflatable 
apparatus for helping to protect a vehicle occupant 
'Zl illustrating the apparatus in a deflated condition; 

j^l 15 Fig. 2 is a schematic view of the apparatus of 

Fig. 1 in an inflated condition; 

Fig. 3 is a view of the apparatus taken generally 
along line 3-3 in Fig. 2 with certain parts illustrated 
in section; 

20 Fig. 4 is a graph illustrating certain 

characteristics of the apparatus of Fig. 1, according 
to a first embodiment of the invention; and 
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Fig. 5 is a graph illustrating certain 
characteristics of the apparatus of Fig. 1, according 
to a second embodiment of the invention. 

Description of Preferred Embodiments 

As representative of the present invention, an 
apparatus 10 helps to protect an occupant of a vehicle 
12. As shown in Figs. 1 and 2, the apparatus 10 
includes an inflatable vehicle occupant protection 
device .in the form of an inflatable curtain 14 that is 
mounted adjacent to the side structure 16 of the 
vehicle 12 and a roof 18 of the vehicle. The side 
structure 16 of the vehicle 12 includes side windows 
20. An inflator 24 is connected in fluid communication 
with the inflatable curtain 14 through a fill tube 22. 

The fill tube 22 has a first portion 30 for 
receiving fluid from the inflator 24 . The fill tube 22 
has a second portion 32 disposed in the inflatable 
curtain 14. The second portion 32 of the fill tube 22 
has a plurality of openings (not shown) that provide 
fluid communication between the fill tube 22 and the 
inflatable curtain 14. It will be recognized by those 
skilled in the art that the fill tube 22 may be omitted 
and the inflator 24 may be connected in direct fluid 
communication with the inflatable curtain 14. In such 



a configuration, the inflator 24 would be connected to 
an end of the inflatable curtain 14 or to a location on 
the curtain between the ends of the curtain. 

The inflator 24 contains a stored quantity of 
pressurized inflation fluid (not shown) in the form of 
a gas to inflate the inflatable curtain 14 . The 
inflator 24 alternatively could contain a combination 
of pressurized inflation fluid and ignitable material 
for heating the inflation fluid, or could be a 
pyrotechnic inflator that uses the combustion of gas- 
generating material to generate inflation fluid. As a 
further alternative, the inflator 22 could be of any 
suitable type or construction for supplying a medium 
for inflating the inflatable curtain 14 . 

The apparatus 10 includes a housing 26 (Fig. 1) 
that stores the inflatable curtain 14 in a stored 
position prior to inflation of the curtain. The fill 
tube 22, the deflated inflatable curtain 14, and 
housing 2 6 have an elongated configuration and extend 
along the vehicle roof 18 and along the side structure 
16 of the vehicle 12 above the side windows 20 . 

As best illustrated in Fig. 3, the inflatable 
curtain 14 comprises first and second panels 40 and 42 
that are arranged in an overlying manner. Overlapping 
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portions 44 of the first and second panels 40 and 42 
are secured together by stitching 46 (Figs. 2 and 3) 
that extends along a portion of the perimeter 48 of the 
inflatable curtain 14 to define an inflatable volume of 
the curtain. The inflatable curtain 14 may include 
connections (not shown) in which overlying portions of 
the first and second panels 40 and 42 are 
interconnected inside the perimeter 48 of the curtain. 
Such connections would help to define inflatable areas 



10 of the inflatable curtain 14 within the inflatable 

I = 

: 

jJ5 volume of the curtain. 

m In the illustrated embodiment, the inflatable 

Q curtain 14 (Fig, 3) is formed from a sheet of material 
that is folded over to form the overlying first and 

15 second panels 40 and 42. It will be recognized by 



those skilled in the art, however, that the inflatable 
curtain 14 could have alternative constructions. For 
example, the first and second panels 4 0 and 42 could be 
formed from separate sheets of material arranged in an 
2 0 overlying manner and secured together by stitching 4 6 

that extends around the entire perimeter 4 8 of the 
panels to form the inflatable curtain 14 . The first and 
second panels 4 0 and 42 may also be woven together to 
form the inflatable curtain 14 . 



The first and second panels 4 0 and 42 are 
constructed of a fabric , such as nylon, that is coated 
with a gas impermeable material such as urethane or 
silicone to form an inflatable volume. The inflatable 
curtain 14 thus has a substantially gas-tight 
construction. Other materials, such as elastomers, 
plastic films, or combinations thereof, may also be 
used to construct the inflatable curtain 14. The first 
and second panels 4 0 and 42 may also be formed of 
single or multi-layered sheets of material. 

The perimeter 48 is defined at least partially by 
an upper edge 50 (Fig. 2) of the inflatable curtain 14, 
an opposite lower edge 52 of the curtain, and front and 
rear portions 54 and 56, respectively, of the curtain 
spaced apart horizontally along the upper and lower 
edges. In the embodiment illustrated in Fig. 2, the 
front and rear portions 54 and 56 of the inflatable 
curtain 14 are at least partially defined by front and 
rear edges 58 and 60, respectively, that are spaced 
horizontally apart along the upper and lower edges 50 
and 52 and extend vertically between the upper and 
lower edges. The front and rear edges 58 and 60, 
however, could be omitted and the upper and lower edges 
50 and 52 could be extended until they intersect, in 
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which case the front and rear portions 54 and 56 would 
be defined by the intersecting upper and lower edges. 
Also, while the front and rear edges 58 and 60 are 
illustrated as being generally vertical, they could 
extend at some other angle between the upper and lower 
edges 5 0 and 52 . 

The vehicle 12 includes a sensor mechanism 70 
(shown schematically in Figs. 1 and 2) for sensing a 
side impact to the vehicle 12 and/or a rollover of the 
vehicle 12. The sensor mechanism 70 actuates the 
inflator 24 in response to the sensing of a side impact 
or a vehicle rollover. 

In the event of a rollover of the vehicle or a 
side impact to the vehicle 12 of a magnitude greater 
than a predetermined threshold value, the sensor 
mechanism 70 provides an electrical signal over lead 
wires 72 to the inflator 24 . The electrical signal 
causes the inflator 24 to be actuated in a known 
manner. The inflator 24 discharges fluid under 
pressure into the fill tube 22. The fill tube 22 
directs the fluid into the inflatable curtain 14 . 

The inflatable curtain 14 inflates under the 
pressure of the inflation fluid from the inflator 24 . 
The housing 2 6 (Fig. 1) opens and the inflatable 
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curtain 14 inflates away from the roof 18 in a downward 
direction as shown in the drawings and in a downward 
direction with respect to the direction of forward 
travel of the vehicle 12 into the position illustrated 
5 in Figs . 2 and 3 . 

The inflatable curtain 14, when inflated, extends 
along the side structure 16 of the vehicle 12 and is. 
positioned between the side structure and any occupant 
of the vehicle. When the inflatable curtain 14 is in 
10 the inflated condition, the first panel 40 is 

positioned adjacent the side structure 16 of the 
ill vehicle 12 and the second panel is positioned adjacent 

an occupant 74 of the vehicle and a vehicle seat 76. 
The upper edge 50 (Fig. 2) is positioned adjacent to 
15 the intersection of the roof 18 and the side structure 

16 of the vehicle 12. The front edge 58 is positioned 
adjacent to an A pillar 80 of the vehicle 12. The rear 
edge 60 of the inflatable curtain 14 is positioned 
adjacent to a C pillar 82 of the vehicle 12. The 
20 inflatable curtain 14 extends between the A pillar 80 

and the C pillar 82 of the vehicle 12 and overlies at 
least a portion of the A pillar, C pillar, and a B 
pillar 84 of the vehicle. 
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It will be recognized by those skilled in the art 
that the inflatable curtain 14 may have alternative 
configurations. For example, in the illustrated 
embodiment, the inflatable curtain 14 extends between 
5 the A pillar 80 and the C pillar 82 of the vehicle 12. 

The inflatable curtain 14 could, however, extend 
between the A pillar 80 and the B pillar 84 only or 
between the B pillar and the C pillar 82 only. Also, 
y in a vehicle having A, B, C, and D pillars (not shown) , 

10 the inflatable curtain 14 could, when inflated, extend 

jl5 between the A pillar and the D pillar. 

m The inflatable curtain 14, when inflated, helps to 

protect a vehicle occupant in the event of a vehicle 

■-.1 

1"=^ rollover or a side impact to the vehicle 12 . When 

i^'' 15 inflated, the inflatable curtain 14 helps to absorb the 

energy of impacts with the curtain and helps to 
distribute the impact energy over a large area of the 
curtain. 

As illustrated in Fig. 3, when the inflatable 
20 curtain 14 is inflated, it has a thickness measured 

between the first and second panels 40 and 42, 
indicated generally by the line labeled T in Fig. 3. 
The thickness T is measured between overlying points on 
the first and second panels 40 and 42 in an inflatable 
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area of the inflatable curtain 14 where an occupant's 
head 78 may contact the curtain in the event of a side 
impact or vehicle rollover. In the event of a side 
impact or vehicle rollover, the inflatable curtain 14 
5 must be inflated to a pressure sufficient to prevent 

the occupant 74 from striking the vehicle side 
structure 16 through the curtain. For a given 
inflatable curtain 14, the inflation pressure in the 
U inflated curtain will vary depending on the desired 

10 thickness T of the inflated curtain. 

In determining the inflation pressure in an 
1^5 inflated curtain 14 having a desired thickness T when 

p| inflated, experimentation is typically performed in 

1=^ order to evaluate the performance of the curtain at 

ill 

?~l 15 various pressures. In performing such experimentation, 

it may be desirable to simulate the performance of an 
inflatable curtain 14. This can be accomplished by 
creating a computer-generated model that allows the 
performance of the inflatable curtain 14 to be 
20 monitored under simulated conditions. The use of a 

computer-generated model allows an inflatable curtain 
14 to be evaluated repeatedly in order to identify 
curtain thickness/inflation pressure combinations that 
will produce the desired curtain performance. According 
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to a first embodiment of the present invention, a 
computer generated model was used to simulate an 
occupant's head having a mass of 6.08 kilograms 
impacting the inflated curtain 14 at a velocity of 18 
miles per hour. 

rr It was determined that the required inflation 
pressure of the inflatable curtain 14 is independent of 
the volume of the curtain, the curtain volume being 
between 20-45 liters. While maintaining the inflatable 
curtain 14 at a volume between 2 0-45 liters, the 
curtain was modified to have various desired 
thicknesses. The computer generated model determined 
the required inflation pressure to prevent the 
simulated occupant head from striking or impacting the 
vehicle side structure 16 through the curtain for each 
desired thickness. A list of calculated curtain 
thickness/inflation pressure combinations generated by 
the model are illustrated in the following table: 



Curtain Thickness (inm) 


Required Pressure (kPa) 


55 


400 


93 


136 


107 


99 


110 


81 


I .. . 117 


65 


123 


59 


145 


34 


200 
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The above- listed curtain thickness and inflation 
pressure combinations are plotted on a graph 
illustrated in Fig. 4. A first curve 100 is fitted to 
the experimental curtain thickness/inflation pressure 
combinations illustrated in Fig. 4. A first formula 
for calculating inflation pressure approximates the 
first curve 100. The first formula was determined 
using known mathematical operations, and is listed 
below : 

P = (4 .2 X '10'^)T"^*^- 

wherein P represents the required inflation 
pressure expressed in terms of kilopascals and T 
represents the thickness of the inflatable curtain 14 
expressed in millimeters. The first formula is 
represented by a second curve 102 plotted in Fig. 4. 

It will be recognized by those skilled in the art 
that physical limitations of the vehicle 12 (Figs. 1-3) 
will affect the construction of the apparatus 10. For 
example, the thickness of the inflatable curtain 14 may 
be limited by the amount of space between the side 
structure 16 of the vehicle 12 and the vehicle occupant 
74 or the vehicle seat 76. Also, it may be impractical 
to provide an inflator 24 capable of delivering 
inflation fluid at extremely high pressures. Thus, as 



viewed in Fig. 4, the end regions of the first and 
second curves 100 and 102, i.e., where the inflation 
pressure is high and where the curtain is extremely 
thick, may be eliminated as an acceptable curtain 
thickness/inflation pressure combination. 

By eliminating the end regions of the curves in 
Fig. 4, an inflatable curtain 14 having a thickness of 
between 100-150 millimeters, which corresponds to an 
inflated pressure of between 30-110 kilopascals, was 
determined to be within an acceptable range for the 
construction of the apparatus 10. This acceptable 
range is indicated by the line labeled 110 in Fig, 4. 
Also, it was determined that an inflatable curtain 14 
having a thickness of between 120-150 millimeters, 
which corresponds to an inflated pressure of between 
30-65 kilopascals, is a preferred range for the 
construction of the apparatus 10. This preferred range 
is indicated by the line labeled 112 in Fig. 4. 

As illustrated in Fig. 4, the first formula, 
represented by the second curve 102, approximates the 
data calculated by the computer generated model in the 
18 mile per hour scenario. Thus, when designing an 
inflatable curtain having a volume of between 2 0-45 
liters and a known thickness, the required inflation 



pressure can be determined using the first formula. 
Conversely, where an inflator will inflate an 
inflatable curtain having a volume between 2 0-45 liters 
to a known pressure, the required curtain thickness can 
also be calculated using the first formula. 

According to a second embodiment of the present 
invention, a computer generated model was used to 
simulate an occupant's head having a mass of 6.08 
kilograms impacting the inflated curtain 14 at a 
velocity of 12 miles per hour. While maintaining the 
inflatable curtain 14 at a volume between 20-45 liters, 
the curtain was modified -to have various desired 
thicknesses . ' The computer generated model determined 
the required inflation pressure to prevent the 
simulated occupant head from striking or impacting the 
vehicle side structure 16 through the curtain for each 
desired thickness. A list of calculated curtain 
thickness/inflation pressure combinations generated by 
the model are illustrated in the following table: 



Curtain Thickness (mm) 


Required Pressure (kPa) 


38 


220 


55 


120 


85 


69 


98 


42 


107 


36 


110 


27 


120 


20 


149 
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The above-listed curtain thickness and inflation 
pressure combinations are plotted on a graph 
illustrated in Fig. 5. A third curve 120 is fitted to 
the experimental curtain thickness/inflation pressure 
combinations illustrated in Fig. 5. A second formula 
for calculating inflation pressure approximates the 
third curve 120. The second formula was determined 
using known mathematical operations, and is listed 
below : 

P = (3 .0 X 10^)T'^*^^; 

wherein P represents the required inflation 
pressure expressed in terms of kilopascals and T 
represents the thickness of the inflatable curtain 14 
expressed in millimeters. The second formula is 
represented by a fourth cuirve 122 plotted in Fig. 5. 

As viewed in Fig. 5, the end regions of the third 
and fourth curves 120 and 122, i.e., where the 
inflation pressure is high and where the curtain is 
extremely thick, may be eliminated as an acceptable 
curtain thickness/inflation pressure combination. By 
eliminating the end regions of the curves in Fig. 5, an 
inflatable curtain 14 having a thickness of between 
100-150 millimeters, which corresponds to an inflated 



pressure of between 13-43 kilopascals , was determined 
to be within an acceptable range for the construction 
of the apparatus 10. This acceptable range is 
indicated by the line labeled 130 in Fig. 5. Also, it 
was determined that an inflatable curtain 14 having a 
thickness of between 120-150 millimeters, which 
corresponds to an inflated pressure of between 13-20 
kilopascals , is a preferred range for the construction 
of the apparatus 10. This preferred range is indicated 
by the line labeled 132 in Fig. 5. 

As illustrated in Fig. 5, the second formula, 
represented by the fourth curve 122, approximates the 
data calculated by the computer generated model in the 
12 mile per hour scenario. Thus, when designing an 
inflatable curtain having a volume of between 20-45 
liters and a known thickness, the required inflation 
pressure can be determined using the second formula. 
Conversely, where an inflator will inflate an 
inflatable curtain having a volume between 2 0-45 liters 
to a known pressure, the required curtain thickness can 
also be calculated using the second formula. 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes 
and modifications. Such improvements, changes and 
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modif ications within the skill of the art are intended 
to be covered by the appended claims . 
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